BACKGROUND: Humidified high-flow nasal cannula (HFNC) is a novel method of oxygen delivery with increasing use in emergency departments and intensive care settings despite little evidence showing benefit over standard oxygen delivery methods (standard O 2 ). The aim of this study was to determine whether HFNC compared with standard O 2 given to subjects in acute respiratory distress would reduce the need for noninvasive ventilation or invasive ventilation. METHODS: This was a pragmatic open randomized controlled trial in adult subjects with hypoxia and tachypnea presenting to a tertiary academic hospital emergency department. The primary outcome was the need for mechanical ventilation in the emergency department. RESULTS: We screened 1,287 patients, 322 met entry criteria and 19 were excluded from analysis. Of these, 165 randomized to HFNC and 138 to standard O 2 were analyzed. Baseline characteristics were similar. In the HFNC group, 3.6% (95% CI 1.5-7.9%) versus 7.2% (95% CI 3.8 -13%) in the standard O 2 group required mechanical ventilation in the emergency department (P ‫؍‬ .16), and 5.5% (95% CI 2.8 -10.2%) in HFNC versus 11.6% (95% CI 7.2-18.1%) in the standard O 2 group required mechanical ventilation within 24 h of admission (P ‫؍‬ .053). There was no difference in mortality or stay. Adverse effects were infrequent; however, fewer subjects in the HFNC group had a fall in Glasgow coma score due to CO 2 retention, 0% (95% CI 0 -3%) versus 2.2% (95% CI 0.4 -6%). One in 12 subjects did not tolerate HFNC. CONCLUSIONS: HFNC was not shown to reduce the need for mechanical ventilation in the emergency department for subjects with acute respiratory distress compared with standard O 2 , although it was safe and may reduce the need for escalation of oxygen therapy within the first 24 h of admission.
Introduction
Humidified high-flow nasal oxygen (HFNC) is a novel method of oxygen delivery that is increasing in popularity despite a paucity of evidence of its benefit over standard oxygen delivery methods (standard O 2 ). HFNC uses a large bore nasal cannula to deliver up to 60 L/min of heated humidified gas, while the F IO 2 can be titrated from .21 to 1 as needed. 1 Purported benefits include washout of nasopharyngeal dead space, attenuation of inspiratory resis-tance, improved pulmonary compliance, and provision of a small amount of CPAP to facilitate alveolar recruitment. 2 Humidification and heating may also prevent mucosal dehydration, maintain ciliary activity, reduce heat loss, and minimize atelectasis and tracheitis. 3 Some studies suggest that HFNC reduces ventilator days, re-intubations, and the need for invasive ventilation, [4] [5] [6] whereas other studies have not shown a benefit. 7, 8 Four recent systematic reviews concluded that there was insufficient evidence supporting HFNC and highlighted a lack of randomized, controlled trials. 1, [9] [10] [11] In the only emergency department study of HFNC, a case series of 17 emergency department subjects were switched from standard O 2 to HFNC, with improvements shown in dyspnea scores, breathing frequency and oxygen saturations. 12 Patients with acute hypoxia and respiratory distress presenting to the emergency department may need noninvasive (NIV) or invasive positive-pressure ventilation requiring a high level of nursing care. Patients requiring these therapies may have prolonged lengths of stay in the emergency department when high dependence beds are not available, with subsequent impact on emergency department resources. These treatments also risk iatrogenic barotrauma, aspiration, nosocomial infection, and ventilator dependence. Conversely, HFNC requires less intensive nursing support and can be provided in general ward settings. If HFNC can reduce the proportion of patients who require invasive positive-pressure ventilation or NIV in the emergency department, then there are potential benefits with respect to reducing harm to patients, reducing the use of emergency department resources, shorter lengths of emergency department stay (LOS), and improved availability of high dependence beds in the hospital.
The aim of this study was to determine whether HFNC compared with standard O 2 would reduce the need for NIV or invasive positive-pressure ventilation in the emergency department. The primary outcome was conversion to NIV or invasive positive-pressure ventilation. The secondary outcomes were the emergency department and hospital lengths of stay, 90-d mortality, adverse effects in hospital, and the participant experience.
Methods
This was a single center, pragmatic open prospective randomized controlled trial. Auckland City Hospital, New Zealand, is a tertiary academic inner-city hospital catering to adult patients age 15 and older. The emergency department received 59,335 presentations in 2013 with an approximate 40% admission rate.
We included subjects who had S pO 2 of Յ92% on air (Յ90% if known chronic carbon dioxide [CO 2 ] retention) and a breathing frequency of Ն22 breaths/min either prehospital or upon arrival to the emergency department. We excluded patients who were intubated pre-hospital; required intubation or NIV immediately upon arrival; had bullous lung disease, pneumothorax, facial abnormalities precluding the use of nasal prongs, facial or intracranial trauma, facial or trans-nasal neurosurgery (within 6 weeks); or had epistaxis (within 2 weeks). We also excluded patients who had a prior decision for palliative care only or who had previously been enrolled.
HFNC was delivered using an Optiflow nasal interface connected to the PT101AX (Airvo1) or PT101AZ (Airvo2) humidifier (Fisher & Paykel Healthcare, Auckland, New Zealand). Starting flow was 40 L/min, with gas temperature 37°C and F IO 2 of .28 (approximating to 2 L/min via standard nasal prongs 13 ). All nurses, emergency specialists, and residents were trained in the use of HFNC and the study procedures before inception of the study and at regular periods throughout the course of the study. Standard O 2 was via a Hudson mask, Venturi device, or standard nasal prongs using wall oxygen titrated with a flow meter (1-15 L/min). After enrollment, the F IO 2 was titrated according to clinical need. Subjects with known chronic hypoxia had a target maximum S pO 2 of 93% or their last known resting oxygen saturation when well.
For subjects who were able to consent or had a family member or other surrogate available, informed consent was obtained before enrollment. A purpose-built program in Microsoft Access 2003 based on a random number generator was used for randomization. For subjects who were too unwell to consent and with no surrogate available, a series of sealed opaque envelopes with treatment alloca-
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Current knowledge
High-flow oxygen by nasal cannula (HFNC) is a noninvasive method of respiratory support may improve ventilation by flushing of the upper airway dead space and improves oxygenation by meeting the patient's demands with enriched oxygen. In some settings, a small amount of end-expiratory pressure can develop, further improving oxygenation. Heat and humidity are essential for patient tolerance and comfort.
What this paper contributes to our knowledge HFNC was not shown to reduce the need for noninvasive or invasive mechanical ventilation in emergency department subjects with acute respiratory distress compared with standard oxygen therapy. HFNC reduced the need for escalation of oxygen therapy within the first 24 h of admission. No clinically important adverse events were associated with HFNC use; however, 1 in 12 subjects were intolerant of therapy. tion generated using the same randomization software were available to clinicians to use at the bedside in the resuscitation area. Clinicians took the next envelope in a consecutive sequence when a potentially eligible subject arrived in the resuscitation room. Consent was obtained retrospectively as soon as practical after the subject's acute illness had resolved. A questionnaire to assess the subject's experience was performed as soon as practicable after randomization. Enrollment was 24 h/day, 7 days/week by clinical staff. Participants, treating clinical staff, and those responsible for data entry were not blinded to the interventions; however, treatment allocation was masked before analysis.
The study period was from July 2012 to May 2014. Data were recorded in the clinical record and extracted by the study coordinator or an assistant onto a standard data extraction form and then into a purpose-built electronic database (Microsoft Access 2003).
The primary outcome was conversion to NIV or invasive positive-pressure ventilation using the British Thoracic Society's guidelines 14 : persistent or worsening hypoxemia, worsening tachypnea, rising arterial P CO 2 , or persistent respiratory acidosis with pH Ͻ7.30 despite 30 min of optimized standard acute medical therapy; worsening fatigue or confusion attributable to respiratory failure; or a decision by the treating clinician that escalation of therapy is in the subject's best interest. The choice of NIV, either CPAP or bi-level positive airway pressure was at the discretion of the treating clinician. CPAP was started at 5 cm H 2 O, whereas bi-level positive airway pressure was started at 10 cm H 2 O (inspiratory) and 5 cm H 2 O (expiratory). The device used to deliver CPAP or bi-level positive airway pressure was the BiPAP Vision (Respironics, Pittsburgh, Pennsylvania). The criteria for invasive positive-pressure ventilation were: criteria for NIV met and the clinician anticipates that invasive ventilation will be required; failure of NIV; or inability of the subject to maintain his/her own airway or manage his/her own secretions or subject fatigue or confusion attributable to respiratory failure.
Emergency department and hospital lengths of stay were recorded in the hospital's electronic patient tracking system. Ninety-day mortality was checked using the National Health Index number, a unique identifier for patients across multiple databases in New Zealand's health system. Adverse effects sought were pneumothorax, subcutaneous emphysema, nasal pressure sore, apnea, drop in Glasgow coma score of 2 or more points, and basic physiological variables. Their presence or absence was determined from the subject record and/or radiology reports.
The participant experience was explored using a purpose-designed questionnaire with 6 questions assessing the participant's perception of the comfort and effectiveness of the oxygen delivery system (see the appendix at http:// www.rcjournal.com). A 5-point Likert scale from strongly disagree to strongly agree was used. Two further free-text questions prompted for both good and bad effects of the oxygen therapy. The questionnaire was piloted before study commencement on subjects who would have been eligible for the study proper.
Post Hoc Outcomes
During the study, it became apparent that some participants received NIV soon after leaving the emergency department, which was unexpected when we designed the study. To determine how many subjects also received mechanical ventilation within the first 24 h of admission, we conducted a post hoc analysis. We also explored the ICU admission rate and in-hospital mortality, which were outcomes that were not specified in the trial protocol.
Statistics
Proportions (95% CI), mean (95% CI), and median (interquartile range) were used where appropriate to describe the data. Analysis was performed using the chi-square or Fisher exact test for proportions and Student t test or the Mann-Whitney U test for continuous variables as appropriate to the distribution of the data. Likert scales were dichotomized into favorable (best 2) and unfavorable (worst 3) or unfavorable (worst 2) and favorable (best 3) responses for positive and negative questions, respectively. All analysis was intention-to-treat and undertaken with IBM SPSS 22 (IBM, Armonk, New York). A feasibility study informed the sample size calculation. Of 180 patients screened, 58 (32%) met eligibility criteria. Of the eligible subjects, 14 (24%) were treated with NIV. A clinically important reduction in the rate of NIV was taken as 33%. To detect this difference with 80% power at an ␣ of 0.05, approximately 390 subjects would be required in each arm of the study (Power and Sample Size 3.0.2).
The study was approved by the institutional review board, and ethics approval was obtained from the Northern X Committee (NXT 10/12/121). The trial is registered with the Australian and New Zealand Clinical Trials Registry (ACTRN12610000964011). All adverse events were reported to an independent data safety monitoring board composed of 2 independent ICU specialists. After the first 200 subjects, the data safety monitoring board reviewed the interim results and recommended continuing the study.
Results
The selection of participants in the study is shown in Figure 1 . During the recruitment period, 1,287 subjects were formally screened, 715 did not meet entry criteria, 250 were excluded, and 322 were randomized: 172 to HFNC and 150 to standard O 2 . After randomization, 7 HFNC and 12 standard O 2 participants were excluded from analysis. This meant that 303 subjects were analyzed, 165 in the intervention group and 138 in the standard care group. The groups were similar at baseline with respect to demographics and physiology, except for heart rates, which were higher at study entry in the standard O 2 group (Table  1 and Fig. 2) . The groups were similar with respect to the initial working diagnosis, investigations, and other treatments (Table 1) .
Fourteen participants did not tolerate HFNC and were placed on standard O 2 after periods lasting Ͻ30 min (9 participants), 30 -60 min (4 participants), and 120 min (1 participant). Two other participants in this group had treatment changed to standard O 2 by the treating clinician. Four participants did not receive HFNC because they were rapidly transferred to an in-patient ward or ICU before treatment commencing (2 participants), or they did not require any supplemental oxygen by the time enrollment was complete (2 participants). In the standard O 2 group, 5 participants did not require supplemental oxygen after enrollment. All participants were analyzed according to their initial treatment allocation.
Outcomes
The primary and secondary outcomes are shown in Table 2 . There was no difference between the groups in the proportion of subjects requiring NIV or invasive positive-pressure ventilation in the emergency department: 6/165, 3.6% (95% CI 1.5-7.9%) in the HFNC group versus 10/138, 7.3% (95% CI 3.8 -13%) in the standard O 2 group (P ϭ .16).
There was also no difference in the emergency department LOS, with a median (interquartile range) of 4.5 (3.6 -5.8) h in the HFNC group versus 4.9 (3.6 -5.9) h in the standard O 2 group (P ϭ .32). Similarly, the median (interquartile range) hospital LOS was 5.0 (2. One participant in the standard O 2 group became apneic. Seven participants had a reduction in Glasgow coma score of Ն2 points. Three of these were thought to be due to acute hypercapnia, and all were in the standard O 2 group, 2.2% (95% CI 0.4 -6%) versus 0% (95% CI 0 -3%) in the HFNC group (P ϭ .09). No other adverse effects were seen. Figure 2 shows how the physiologic variables changed over time for both groups. Participants in the HFNC group on average tended to receive lower F IO 2 in the first 3 h and had correspondingly lower S pO 2 values, with no difference in breathing frequencies (Table 3) .
Physiology
Participant Experience Survey (Appendix)
Only 158/303, 52.2% (95% CI 47-58%) participants completed the survey (Table 4 ). The reasons for not completing the survey were: inability to remember treatment (n ϭ 70), reason not stated (n ϭ 60), declined (n ϭ 12), and transferred to another hospital (n ϭ 3 
Post Hoc Exploratory Analyses
Only 13/303, 4.3% (95% CI 2-7%) participants were admitted to the ICU, and 4, 1.3% (95% CI 0 -3%) required endotracheal intubation with no difference between the groups (Table 2 ). In-hospital mortality was the same 15/156, 9.1% (95% CI 6 -15%) in the HFNC group and 11/138, 8.0% (95% CI 4 -14%) in the standard O 2 group (P ϭ .73). Fewer participants in the HFNC group required mechanical ventilation either in the emergency department or within 24 h of leaving the emergency department 9/165, 5.5% (95% CI 3-10%) compared with the standard O 2 group, 16/138, 11.6% (95% CI 7-18%), P ϭ .05.
Discussion
To our knowledge, this is the first randomized controlled study of HFNC in an emergency department. No statistically significant difference in conversion to mechanical ventilation in the emergency department between the groups was demonstrated, and there was also no difference in LOS in the emergency department or the hospital or 90-d mortality. There were few adverse effects, although more participants in the standard O 2 group had a clinically important drop in Glasgow coma score than in the HFNC group, which in the 3 cases was due to CO 2 retention. This may have been due to the higher F IO 2 and corresponding saturations that were seen in the first few hours of treatment with standard O 2 . We postulate that this may be due to the ability to titrate F IO 2 more precisely with the HFNC device compared with wall oxygen. However, because few participants suffered this adverse event, it may simply have been a chance occurrence.
The subject experience survey showed that most participants were happy with the oxygen delivery method that they received, although approximately 1 in 12 participants did not tolerate HFNC. One prior case series of 17 participants found that HFNC was well tolerated in the emergency department setting with improved dyspnea scores; however, the study was an uncontrolled before and after Fig. 2 . Physiological variables. For peripheral oxygen saturation (B) and breathing frequency (C), the leftmost data point represents the mean value at presentation either pre-hospital or in the emergency department (these were the physiological inclusion criteria for the study). The next data point is T0, immediately before randomization. Subsequent data points are T1-T11, representing half-hourly intervals of treatment during emergency department stay. For the other variables, the data points are T0 -T11. Data are shown as mean (95% CI). study and was too small to allow firm conclusions about tolerability to be drawn. 12 Post hoc analysis suggested that there may be a benefit of HFNC beyond the first few hours in the emergency department, with fewer participants requiring subsequent escalation of oxygen therapy on the ward in the first 24 h of admission. This analysis should be interpreted with caution because it was not preplanned, and the decision to escalate oxygen therapy was an arbitrary one made by the treating ward clinicians.
Two randomized controlled trials of HFNC versus standard O 2 in adults have occurred in the ICU setting. In the first of these, there was no difference in oxygenation, ICU, or hospital LOS for 340 post-cardiac surgery subjects. 15 There was a small difference in P aCO 2 (1.5 mmHg) favoring HFNC. Similar to our study, participants found standard O 2 more comfortable than HFNC, although both treatments rated highly on the scale of comfort used. Contrary to our study, 6.5% of participants in their HFNC group required NIV or invasive positive-pressure ventilation compared with 2.9% in the standard O 2 group. The differences with respect to this outcome observed in both studies may simply be due to chance. However, it is also plausible that differences in the study populations may account for the difference in the direction of effect observed. In the second study, in 310 subjects with hypoxic respiratory failure without hypercarbia (the majority of whom had pneumonia), HFNC was compared with standard O 2 and NIV given for 2 days. There was no difference in intubation rates; however, there was a mortality benefit in favor of HFNC over both comparator groups. 16 This may have been due to factors other than the oxygen delivery method, because more subjects in the standard O 2 and NIV groups had refractory shock as the cause of death than HFNC subjects. In this study, HFNC was tolerated better than both comparator oxygen delivery systems, with no subjects reported to be intolerant of either HFNC or NIV therapy, which differs from our study. Because only 10% of patients with acute respiratory failure were eligible and only 6% were finally included, the generalizability of this study is limited to a highly select group of patients, which is different from the majority of patients who present to the emergency department in respiratory distress. In contrast, we recruited all subjects regardless of underlying reason for respiratory distress, which we believe is a strength of the current study because it reflects clinical reality in the emergency department. Oxygen therapy is started for patients with acute respiratory distress and hypoxia upon arrival in the emergency department when the underlying diagnosis or the risk of hypercarbia may not be clear.
The most important limitation of our study was the failure to achieve the initially estimated sample size, which was due to more subjects being excluded from selection and fewer subjects requiring NIV than we had anticipated. This is especially relevant because 27 patients were excluded because the treating clinician placed them on NIV immediately upon arrival without considering them for the study, meaning that some severely hypoxic patients were excluded from the study because clinicians were not comfortable with delaying NIV even for 30 min to deliver the study interventions. Therefore, it is possible that the included study participants were not as severely unwell as the pilot study population. Compounding this, only 1 in 20 of the trial participants was escalated to NIV when stricter parameters for the use of NIV were applied during the study, compared with 1 in 4 trial-eligible patients in the pre-study period when NIV use was solely at the clinician's discretion. These 2 factors biased against finding a difference between the study interventions, which means that our sample size calculation was inaccurate to the point that the current study should be regarded as a pilot to inform future research into the use of HFNC in the emergency department. We performed a post hoc sample size calculation and found that a study would need approximately 900 subjects to have sufficient power to detect the difference that we observed in the primary outcome. At HFNC ϭ high-flow nasal cannula T ϭ half-hourly time interval from study entry: T0 is immediately prior to study treatment, and T1 is the first half hour after study treatment started. Values are shown as n valid (not all participants answered all questions)/n, % (95% CI). See the appendix for survey questions that were analyzed as dichotomous data: 5-point Likert scale. The best 2/other 3 or worst 2/other 3 categories were collapsed for positive and negative questions, respectively. * Not all participants answered all questions. † Eight participants in the humidified high-flow nasal oxygen group and 7 in the standard delivery oxygen group had not had previous oxygen therapy; the maximum denominators for this outcome are 86 and 57, respectively. HFNC ϭ high-flow nasal cannula our recruitment rate, this meant that we would have needed to run the study for 4.5 y to achieve this sample size, which was not feasible at our center with the funding and resources available. Because the study was not blinded, clinicians may have altered their treatment decisions based on which intervention the participant was receiving; however, we do not think that this was the case, because other treatments received were similar between the groups. Not all participants had observations recorded at every half-hourly time point, which was not possible due to our reliance on clinical staff to record these as part of routine care. As subjects improved, the time interval between recorded observations increased. This limits the strength of our conclusions relating to differences in respiratory physiology observed, although the biggest difference occurred in the first 2 h, when most participants had observations done. A further limitation relates to the small number of participants who were intubated or went to the ICU, despite this being a very unwell cohort of subjects, with baseline severity of hypoxia and breathing frequencies similar to the most recent ICU study. 16 This means that the results we observed may not be generalizable to settings where invasive positive-pressure ventilation and ICU admission are offered to a wider range of patients, with a bias against showing a difference between the interventions for these outcomes in our study. In a large case series of pediatric emergency department subjects who needed subsequent ICU care, introduction of HFNC in the emergency department was associated with fewer intubations in the emergency department, although there was no control group in this study, so this may have been due to other factors. 17 
Conclusions
HFNC was not shown to reduce the need for NIV or invasive positive-pressure ventilation in the emergency department for subjects with acute respiratory distress compared with standard O 2 , which may be due to the study being underpowered to detect the observed small absolute difference. However, HFNC may reduce the need for escalation of oxygen therapy within the first 24 h of admission. There were no clinically important adverse events associated with HFNC use; however, 1 in 12 subjects was intolerant of HFNC therapy.
